Abstract That the climate is changing and societies will have to adapt is now unequivocal, with adaptation becoming a core focus of climate policy. Our understanding of the challenges, needs, and opportunities for climate change adaptation has advanced significantly in recent years yet remains limited. Research has identified and theorized key determinants of adaptive capacity and barriers to adaptation, and more recently begun to track adaptation in practice. Despite this, there is negligible research investigating whether and indeed if adaptive capacity is translating into actual adaptation action. Here we test whether theorized determinants of adaptive capacity are associated with adaptation policy outcomes at the national level for 117 nations. We show that institutional capacity, in particular measures of good governance, are the strongest predictors of national adaptation policy. Adaptation at the national level is limited in countries with poor governance, and in the absence of good governance other presumed determinants of adaptive capacity show limited effect on adaptation. Our results highlight the critical importance of institutional good governance as a prerequisite for national adaptation. Other elements of theorized adaptive capacity are unlikely to be sufficient, effective, or present at the national level where national institutions and governance are poor.
Introduction
That the climate is changing and societies will have to adapt is now unequivocal, with adaptation becoming a core focus of climate policy (Khan and Roberts 2013) . The establishment of the Green Climate Fund is expected to become an important source of adaptation finance for low and middle income countries in the coming years. Similarly, climate adaptation has been articulated as an important component of broader sustainable development goals, and has become an emerging priority in industrialized nations . As adaptation has become a core element of climate policy and funding has been mobilized, our understanding of the challenges, needs, and opportunities for adaptation has advanced but remains limited (Adger et al. 2007; IPCC 2012) . There is a long history of research conceptualizing the key determinants of vulnerability and identifying predictors of adaptive capacity (Smit and Wandel 2006; Gupta et al. 2010; Brooks et al. 2005 ) and more recently, examining barriers to adaptation (Biesbroek et al. 2013; Moser and Ekstrom 2010; Bauer et al. 2012; Clar et al. 2013; Dow et al. 2013 ) and tracking adaptation planning (Lesnikowski et al. 2011 Berrang-Ford et al. 2011; Ford et al. 2011; Tompkins et al. 2010; Biesbroek et al. 2010; Gagnon-Lebrun and Agrawala 2007) and practice Preston et al. 2009 ). This research has advanced our understanding of what factors are likely to contribute to adaptive capacity. Adaptive capacity reflects the potential for adaptation; however, adaptation is neither inevitable nor automatic even where adaptive capacity is high (Eisenack and Stecker 2012; Ford and King 2013) .
Despite these developments, there is limited research bridging our conceptual understanding of what constitutes adaptive capacity with measurable and documented adaptation outcomes or action. What elements of adaptive capacity are most significant in determining adaptation action? Given the magnitude of the adaptation challenge and adaptation financing committed, it is critical that theorized predictors of adaptive capacity be empirically examined to evaluate to what extent they are associated with adaptation in practice. In this study we test which factors are statistically associated with national-level adaptation, providing an assessment of the context and comparative contribution of different elements of adaptive capacity in driving adaptation actions. Our national focus reflects the importance of national governments as the central pivot for adaptation planning, determining policy priorities and distributing resources and support, with countries also a feasible unit of comparison for which systematic and standardized data are available (Gagnon-Lebrun and Agrawala 2007; . This is, to our knowledge, the first global-scale analysis of predictors of national adaptation actions.
Methods
We systematically reviewed reporting on adaptation in 117 countries using the UNFCCC Fifth National Communications (NC5) as a proxy data source for global adaptation. We included only NCs submitted between 2008 and July 1, 2012 in our analysis in order to capture a sample of updated and temporally comparable data. Only documents available on the UNFCCC website are included, and our dataset contains 117/195 national signatories (Supp Mat). Most large global nations are included, with the notable exception of China, Venezuela, and parts of central and east Africa, and south Asia. While the NCs are an imperfect proxy for calculating the Adaptation Initiatives Index (AII), they are one of the only systematically collected data sources available to compare trends in adaptation among nations, and have been used previously to evaluate adaptation progress and highlight trends among industrialized nations (Lesnikowski et al. 2011 Gagnon-Lebrun and Agrawala 2007; . The benefit of the NCs is the availability of standardized and comprehensive data for a sufficient number of countries to allow multivariate statistical analysis. Analysis using the NCs necessitates focus on national-level adaptations only, however, and is subject to bias based on reporting effort and ability among participating countries. Our data source should thus not be used to infer adaptation processes and drivers at the regional or municipal levels, for example, nor in the non-governmental or private sectors.
We use Lesnikowski et al.'s (2013 Lesnikowski et al.'s ( , 2013 AII to capture national level adaptation actions among 117 nations. This index is calculated based on the type and level of adaptation actions documented in national reporting to the UNFCCC through the National Communications (NC), which we use as a proxy data source for global adaptation. We developed a codebook to extract data related to adaptation action in the NC5s (Supp Mat). As per our previous work (Lesnikowski et al. 2011 , actions were differentiated by type and level of action. Groundwork level actions are those initiatives considered critical for informing and preparing for adaptation. Types of action considered to be groundwork level include impact and vulnerability assessments, adaptation research, conceptual tools, climate change scenarios, stakeholder networking, and policy recommendations. Adaptation level actions are understood as initiatives that are implemented to tangibly improve the adaptive capacity/resiliency of human and natural systems, and include organizational developments, regulations, infrastructure/technology/innovation, public awareness and outreach, surveillance and monitoring, and financial support. Adaptation actions are weighted 1 or 2 to reflect the distinction between preparatory (groundwork=1) actions and tangible actions that improve community resiliency to climate change (adaptation=2):
ToA #GW N. of types of groundwork action (ranging from 0 to 5 types of groundwork action) ToA #ADAPT N. of types of adaptation action (ranging from 0 to7 types of adaptation action, with a maximum value of 14)
The possible range of AII scores is 0-19, with 0 representing no evidence of any response taken to climate change risks and 19 representing demonstrated response to all 12 types of action.
We selected national-level predictors of adaptation action based on theoretical and empirical evidence in the literature, and availability of standardized comparable data. We canvassed the peer-reviewed literature on adaptation, adaptive capacity and vulnerability to identify potential theorized indicators of adaptation outcomes. This review continued until saturation was achieved. Variables were selected for analysis based on level of support in the literature for the role of the variable as a measure of adaptive capacity, the relevance to our objectives and methods (national-level, potential predictors of adaptation action), availability of recent datasets, and completeness of global coverage. To frame our analysis, we organized variables within broad categories of adaptive capacity as outlined in the IPCC by Smit and Pilifosova (2001) . These include economic resources, technology, information and skills, social infrastructure, institutions, and equity. We added a category for 'exposure', reflecting biophysical exposure to hazards and previous experience with extreme events. We were unable to identify appropriate measures of social infrastructure that could be systematically collected at the national level. Measures of inequality lacked a sufficient sample size of countries to be appropriately modeled, and are therefore excluded from the results presented here. We excluded composite vulnerability or development variables such as the Human Development Index (HDI) or the GAIN climate vulnerability index since these measures aggregate several conceptual processes and preclude comparison and consideration of the different determinants of adaptive capacity. Variables considered for analysis are summarized in Table 1 .
Due to high colinearity among predictor variables, we identified a reduced set of variables for use in multivariate regression using bivariate analyses comparing all predictor variables with our Adaptation Initiative Index (AII). Variables significantly correlated with adaptation at p<0.10 were considered for retention. Pairs of variables within adaptive capacity categories that were strongly correlated with each other (Pearson correlation: p>0.7) were considered for elimination where the more significant variable (lowest log likelihood) was retained. All variables were checked for linear relationships with the outcome (AII) and transformed where appropriate. Variables retained for multivariate regression are highlighted in Table 1 .
We cumulatively constructed a series of models to test for the relative significance of variables within our 5 categories of adaptive capacity (Models 1-5). We used general linear models (GLM) to compare model performance using the AIC, presenting both AIC and R 2 values from ordinary least squares regression. We constructed a best-fit model (Model 6) based on minimization of the AIC. OLS post-estimation procedures were performed to confirm that the best-fit model was correctly specified and modeling assumptions met. Data were stored in MS Access, and all analyses were performed using STATA (StataCorp, SE 11).
Results
Results highlight a dominant role for institutional determinants of adaptive capacity in driving adaptation action: institutional variables are the strongest predictors of national adaptation score, and this was consistent regardless of model type or variable combination. Model results are presented in Table 2 . The most substantive effect is observed following the introduction of institutional variables in Model 5, with the R 2 increasing from 0.15 in Model 4 to 0.28 in Model 5 (and a sizeable drop in AIC). Notably, the best fit model (Model 6) retains only the institutional variables and total national population size, with these variables explaining 31 % of the variation in adaptation score among global nations. In Model 6, good governance (perception of corruption) is highly significant, while both population size and the Environmental Performance Index (EPI) are significant at p<0.05.
The strongest and most consistent predictor of variation in national adaptation is our measure of good governance, based on Transparency International's Corruption Perceptions Index (CPI) (see maps, Supp Mat). This variable alone explains 19 % of the variation in adaptation action among countries and the strength and significance of its association with adaptation is unaffected by the inclusion of any of the variables we tested. The CPI is a composite measure ranking countries based on how corrupt their public sector is perceived to be, and thus reflects a generalized measure of the quality and efficacy of governance institutions within a country. The addition of our environmental governance variables, ESI and EPI, increases our explanatory power to 28 %, presumably explaining the environmentally-specific governance commitment of nations. The negative coefficient for EPI in the models reflects confounding between the two environmental indices (EPI and ESI), indicating that while the ESI is capturing institutional commitment towards environmental treaties, ratification alone may result in over-prediction of actual adaptation action in the absence of effective institutional commitment to policy implementation.
In addition to the significance of institutional variables in predicting adaptation score, good governance appears to be acting as an effect modifier for the relationship between other variables and adaptation actions. In particular, the association between population and adaptation in the dataset varies depending on a country's governance capacity. This can be seen in Fig. 1 , which stratifies the correlation between population and adaptation score by governance. Among countries with higher than average governance (CPI), there is a statistically significant association between population and adaptation score. Among countries with lower than average governance, however, population has no association with the adaptation score. These results indicate that the effect of a country's population size on adaptation is only significant in the presence of strong institutional capacity and governance. In fact, subset models stratified by governance (using the CPI) and excluding all institutional variables show that where institutional governance is low (i.e. lower than average), none of our predictor variables improved model fit compared to the null model. Sample sizes for subset models are too low to provide robust results, however, and are thus not presented here.
Population size is retained in the best-fit model, suggesting that more populous countries have higher capacity to implement adaptation action or policy. Notably, population size and GDP were highly collinear (Pearson's Correlation co-efficient=0.73, p<0.01, Supp Mat); while population size may not necessarily imply wealth, the two variables co-vary and cannot be modeled together. Thus population size may be acting -at least statistically -as a generalized proxy for national wealth and size of national economy in the model. More populous, wealthier countries may, however, simply have better capacity to report adaptations and produce detailed UNFCCC reports. To test this, we added a proxy for reporting to the model, reporting intensity, which is based on the total number of actions (or rows) recorded in our database for each country. When reporting intensity is included, population size is no longer significant in the model. Given that total number of adaptation actions in the database may in fact reflect real adaptation activity, however, including reporting intensity in the final model risks over-fitting and is therefore not included in Table 2 . It thus remains unclear whether population size and wealth contribute to more detailed and extensive reporting of adaptation or whether more populous, wealthier countries are actually engaging in more adaptation. Notably, good governance remains highly significant even when controlling for reporting. The effect of good governance on adaptation, therefore, cannot be attributed solely to more intensive or detailed reporting by nations. Many of our predictor variables were significantly correlated with adaptation yet highly collinear with institutional variables (particularly CPI). This was particularly true for internet use. This may indicate that good governance is an antecedent variable, with governance affecting adaptation outcomes through supporting and enabling technological development. If institutional capacity is indeed a causal antecedent to other variables, other theorized predictors of adaptive capacity may thus not be insignificant, but rather more proximal drivers of adaptation. We removed institutional variables as antecedents and find that improved technology, population size and biophysical exposure variables are the most likely variables retained (model not shown). Technology arises as a likely causal pathway through which institutional capacity may facilitate adaptation. Fig. 1 Governance as an effect modifier for the effect of national total population size on adaptation score index. Countries are distinguished between those with government effectiveness above the mean CPI ('good governance', black points) or below the mean CPI ('poorer governance', grey points). Higher national population is significantly associated with higher adaptation scores for countries with good governance, but there is no association between population and adaptation score in countries with poorer governance
Discussion
We have previously assessed national-level factors associated with adaptation actions for the health sector among 38 Annex I Parties to the UNFCCC (i.e. developed nations) ). This work highlighted national environmental governance, wealth, population size, and corruption as correlates of national adaptation outcomes among developed nations. Inference from these results, however, was limited by a small sample size that precluded multivariate analysis and comparative exploration of how determinants of adaptive capacity differentially contribute to adaptation outcomes. Here, we tested and validated the results of Lesnikowski et al. (2013) using a global dataset of 117 countries, focusing on adaptation across all sectors, and employing multivariate analysis.
Our results highlight several important implications for national and international adaptation policy and planning. The good news is that there is evidence of national adaptation action even in small nations with low national GDP (St Lucia) or GDP per capita (Rwanda, Malawi). The bad news is that global adaptation progress, financing and investment may be constrained by lack of governance capacity. Our results suggest, for example, that the importance of all other theorized determinants of national adaptive capacity may be predicated on the presence of good national governance (here proxied by low corruption). The significance of good governance held even when controlling for population size, wealth, environmental policy commitment, biophysical exposure, development indices, and reporting intensity. Secondly, elements of adaptive capacity do not act independently. Some elements, such as technology and possibly information and skills, may be intermediate mechanisms through which good governance affects national adaptation action and capacity.
Our analysis focuses on the national level, and therein reflects primarily adaptations led by national governments. What we do not know is whether nations with poor governance are simply not engaging in adaptation action, or if adaptation is occurring within other jurisdictions (e.g. municipal, regional, civil society). Research might fruitfully investigate whether and where adaptation is occurring in nations with poor governance, and whether governance is also associated with adaptation action at different scales and jurisdictions, for example at the regional and municipal levels and in the non-governmental and private sectors. The next challenge of adaptation tracking also includes consideration of adaptation effectiveness, a methodologically and conceptually tricky yet essential endeavour.
These results are consistent with a body of literature characterizing the mechanisms through which governance and institutions can enable the development of adaptation action (Gupta et al. 2010; Moser and Ekstrom 2010; Pahl-Wostl 2009; Vogel et al. 2007; Dovers and Hezri 2010; McDonald 2011) . Moser (2010) , for example, describes institutional infrastructure and good governance as necessary for effective problem detection, information gathering, assessment of adaptation options, transmission and communication of information to increase awareness and understanding, and engagement of key stakeholders. Gupta et al. (2010) similarly identify dimensions of adaptive capacity, many of which -trust, access to information, legitimacy, and accountability, for example -are embedded within institutional governance structures that can promote or impede adaption. The surprise here is not that good governance promotes adaptation -this has been well-recognized and described in the qualitative literature for some time -but rather the magnitude and dominance of governance as a predictor of national adaptation action. Our results suggest that governance may be acting as a more causally distal determinant of other more proximal drivers of adaptation, notably technology and possibly also information and skills.
Where governance is poor, yet vulnerability is high, adaptation planning and financing should focus on promotion and development of good governance. Notably, many of the world's most vulnerable nations also have poor governance. Given financing commitments to support adaptation in low-income nations through the UNFCCC, our results have significant implications regarding the importance of the readiness of nations to effectively implement adaptation, and highlight the critical value of focusing national adaptation planning on building governance and adaptive capacity.
